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' ne Present invention relates t« Q « 
curable polyether urethanes ^ ** PreParin9 mois,ure - 

*• use of pZZ l ' 3 * " Un ~°" - <° 

.857,623, 5,227,434 and 6.197,912; and WO 02/06367 Th e J. 
' ^ rm ' n ^Polyur S thanes m aybeoren a r»,i h Thes,iane- 
method the silane tarn,.™. ! " Van °" S me,hods ,n °™> 

diisooyanate Tl S 1 P °' yUre,haneS are "»P— * reacting 

-a.ura.ed m onoo,s with " *" * ~*« 

unsaturated end grouos and ,h intermediates containing 

a-koxysitane groups by w C ° nVe ' ,in9 ^ ^ '° 

Prepared in 0^1^ ^ an °' her ^ ,he S ^ « 
isocyanatosiianes °" * *** W » h 

shoutd^Z'lr Sea ' an,S ^ •""■**«- P°— es 

P apared by the KOH process and having a molecular weight of 2000 tn 
Prepare the isocyanate-terminated prepolymers The „ 

9 roups causes the products to have a S^TCT ^ 

"yi i viscosity. To achieve suitable 
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application viscosities, the high viscosity is reduced by the addition o, 
higher amounts of plasticizer a „H addition of 

-e expensive seaj ZZ " ~*» h 

5 -sing hrh°lT,' h0d ° f ° b,ainin9 h ' 9h m0 ' eCU,ar WS *' — * * ^ 
us no hlgh mo|ecu , ar we . gh( po|ye(her dfo|s y 

? P " 0 ^ n r prepared usin9 speciai ca,a, - ts « 

ooT ,h ' EP - A0 ' 372 ' 561 and DE-A; 19 908,562. When these 

«w emu me iuo/o modulus is too high 
monof ^ PrePara,i0n ° f Sea,an,s fr ° m of polyfunctiona, and 

U S r e ~T ermina,ed ~ aneS " - Closed in 

U S. Patent 5.554,709 and 4,857,623 and WO 02/06367. However 
hes e re ^ rences dQ no( djsciose ^ Qf poiye)her ^ 

seaT;,s ,UraWOn a ~"~ silanes to prepare the 

aso art 7", PrePara "° n °' Silane - ,e ™'" a ^ P°Ve.her urethanes from 

20 17 ? °' ' heSe referenCeS ,he P 0 **"™ -ed to prepare 

mt : ethanSS * ^ haVe 3 IW dS9ree - — — « ,n adln 
m , ores of poiyfunciona, and monofunctiona, siiane-terminated 
polyurefhanes are no, disclosed. Finaiiy, in the latter reference the 
Polyethers must contain 15 to 40% by weigh, of ethylene oxide uni,s 
WO 00/26271 discloses the preparation of silane-.ermina.ed " 
polyether urethanes from polyether polyols having a low degree of 
unsa.ura.ion and aspartate-functional siianes. The products are prepared 
by reac,,ng diisocyana,es wi,h high molecular weigh, polyether diols to 

Zes to fo reP °', ymerS ' ^ ' hen ^ W " h -P^a,e-func,,ona, 
*nes to form s„ane-«ermina,ed po,ye,her urethanes. This application 
does no. d,sclose mixtures o, disiiane-terminated polyether urethanes w„h 
polyether urethanes oontaining one reactive siiane group 
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-nSi^T^r; re,a,ive,y hi9h mon00 ' is •** 

b oecause monools react with isocyanates tharehv ™w • 
crosslinking and curing of the prepolymer The I en, T °° 
aspartate silane, ,„►,„ rfle Patent also requires the 

groups ^ ^ *** matea ' eS in whtah *• alky, 

^ 9 oups each contain more than four carbon atoms 

silane groZnf 1 diSd ° SSS ***** 

ane group, and prepared from poiyetherpolyols having a low degree of 
unsa u rat , oa (n addj(ton po|ye(her ure(hanes Q degree of 

snane group are disciosed. This appiication tails to disclose Ju e Z 
aspartate^! silanes to incorporate the reactive si Ia ne ^ 

The defences of the preceding sealants were overcome in 
opendmg appticaiions, U.S. Serial Nos. ,0/690.751 10/ 690 955 
0/390 956, ,0.90.954 and ,0/690,93, which descnbe mo'i u e-curahls 
alkoxys.lane-functiona, polyether urethanes containing both polyether 
u^thanes having two or more reactive silane groups and po yle 

reaC,iVS SNane ™* moisture 1 able 
pother urethanes are suitable for use as sealants, adhesives nd 

edt: zzt r ,ensi,e s,ren9,hs and ei ~ - — - 

reduced 100 * modulus when compared with existing products 

con, "I" C0Pendin9 appliCa,ions ,he Polyether ure.hane component 
co^,n,n g two or more reactive silane groups is prepared from h gh 

ac Z ,T' 9 P °' ye,her P °' y0lS haVin9 3 l0W <* -atuLion ,n 

one of me two components are inccpora.ed by the use of silanes 
oon«a,n,ng secondary amino groups. Finally, the polyether urethane 
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components described in .he copending applications are prepared 

STJ^T^ blended 10 form ,hs ^ 

poiye.her urethanes according to the invention 

5 Ptocess^sT,? aPP " Ca ' fon ' ^ *"» ^ 1 °' 69 °' 9S3 a 
process for s.multaneously preparing moisture-curable poiyether 

urethanes containing a mixture of polyether ure.h^ 

two or more reacts „i P ol ^ther urethane component having 

naving on r Z2 I s T ^ * 

mixed The X T ' ^ ^ P " P ~ d » «* 

^ properties ^ T ^ a " «* ,he 

::rr urethanes disc,osed in - ~- ~— 

describ A ed d !n a r n,a9e " ^'"^le r urethanes 

descnbed ,n the preceding copending applications is that they are no. 

storage stable a, modera,e,y eleva.ed tempera.ures of so to go " vlh 

may be present in a drum stored in a ho. climate 

Accordingly, i, i S an object of the present invention to provide a 
process for preparing mois.ure-curable po,ye.her ure.hanes a. ^r 
p oducton v,scosi.ies, in which the resui.ing products are storage stable a, 
elevated tempera.ures and also re,ain a„ of the va,uab,e properties of h e 

e r:r, anes disc,osed in me p ~ 9 

M .he producs are sui,able for use as sealants, adhesives and coa.ings 

This object may be achieved with .he process of the present 

~o, ln Tt m ° iStUre - CUrabte ~ -'nanes containing a 
m xtura of polye(her urethane ^ ^ ^ ^ 8 

i ane olT 3 "*^~ ^ «" -active 

■tan. group are prepared simultaneously and in which the polye.her 

methanes contain terminal cyclic urea/reactive silane groups 
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cyc„c ^groups lnt0 ^ urea groups non 

P-ess the sa me Prop e rties as those 2^*- 

* expected to result ,n less flexible cured resins that would not have the 
same elongation and 100% m0 du,us as cured resins prepared froT 
potyether urethanes containing non-cyolic urea groups 

SUMMARY nr tu c imvfmtiom 

curabj inVSnti0n re,at6S t0 3 Pr ° CeSS f ° r Prepar '^ a moisture- 
curable po.yether urethane containing terminal cyclic urea/reactive silane 
groups by reacting at an NCO.OH equivalent ratio of 1.5:1 to 2 51 
a) a hydroxyl component containing 

i) 20 to 1000/0 by weight, based on the weight of component a) 
of a polyether containing two hydroxyl groups and one or 
more polyether segments, wherein the polyether segments 
have a number average molecular weight of at least 3000 
and a degree of unsaturate of less than 0.04 
milliequivalents/g, provided that the sum of the number 
average molecular weights of all of the polyether segments 
per molecule averages 6000 to 20,000, and 
») 0 to 80o/ 0 by weight, based on the weight of component a) of 
a polyether containing one hydroxyl group and one or more 
polyether segments having a number average molecular 
weight of 1000 to 15,000, with 
b) an isocyanate component containing 
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20 to 1 00% by weigh,, based on the wejgh , Qf 
of a compound containing two isocyanate groups, and 
'•> 0 to 80% by weigh,, based on toe weigh, of oomponen, b, o, 
a compound containing one isocyanate group 
prov,ded ,ha, total .percentages of a-ii, and WO add up to aUeast 10 to 
orm an socyanate-containing reacion product and subset eaLing 
<™s reacon product a, an equivalent ratio of isocyanate glps to 
^cyanato-reactive groups of 0.8:, ,01 1, with P 
0 a compound containing an isocyanate-reactive group and one 

reactive silane groups in which a, least ,0 mo.e % of component c) 
is a compound corresponding to the formula 



COOR 2 

RiOOC-CHR 3 -CR4-NH-Y-St— (X) 3 (I) 
wherein 

X represents identical or different organic groups which are 
inert to isocyanate groups below 100°C, provided that at 
least two of these groups are alkoxy or acyloxy 
groups, 

y represents a linear or branched alkylene group containing 1 

to 8 carbon atoms, 
Ri and R 2 are identical or different and represent organic groups 

wh,ch are inert to isocyanate groups at a temperature of 

100°C or less and 

R 3 and R 4 are identical or different and represent hydrogen or 

organic groups which are inert towards isocyanate groups at 
a temperature of 1 00°C or less, 
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urea/react,ve s.lane groups corresponding to formula II 



9 Y ' Si W 3 




CO 



and converting the non-cyCic urea groups to cyclic urea groups by 

c7ZTZ T7T po,yether urethane in the presence " « «* 

catalyst and heat to form terminal cyclic urea/reactive silane groups 
corresponding to formula III and/or formula IV 

~ Y" S, ^ X >3 



N 



Jj\-Si(X) 3 




H r 3 OR! 




OR 2 



Formula III 



DETAILED DFSORIPTIOM OF tmp .ki^^, 

arouo" I™" 06 ^ the Present j ~n the term "reactive silane 
group means a s.lane group containing at .east two a.koxy or acy.oxy 
groups as defined by substituent «X. A silane group containing two or 

three a, koxy and/or acyloxy groups is considered to be one reactive si.ane 
group. A , SOi a uretnane js a compQund conta . njng ^ 

and/or urea groups. These compounds preferably contain one or more 
urethane groups and may optionally contain urea groups More 
preferably, these compounds contain both urethane and urea groups 
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The .socyanate-containing reaction products used for preparing the 
mo.sture-curable polyether urethanes may be prepared by severe, 
methods. For example, they may be prepared by reacting a mixture o, 
potyether diol a-i) and polyether monool a-ii, with an excess of 
dnsocyanate b-i,. «o form an isocyanate-containing reaction product 
con,a,n,ng NCO proposers and monoisocyana.es formed by the reaction 
of one mo,e of a diisocyanate witb one mote of a potyetber monoo, s 
mbodrment potyetber monoo, a-ii, is present in an amount of a, teas, 
10/. by we.ght, based on the weight of component a) 

-n another embodiment the isocyanate-containing reaction products 
are prepared by reacting polyether diol a-i) with an excess of diisocyanate 
b-0 and monoisocyanate b-ii, ,o form an isocyanate-containing reaction 
product containing NCO prepolymers and monoisocyanates formed by the 
reason of one mole of a monoisocyanate and one mole of a diisocyanate 
wtth one mole of a polyether diol. In this embodiment monoisocyanate b-ii) 
■s present in an amount of at least 10% by weight, based on the weight of 
component b). 

It is also possible to use a combination of the preceding processes 
m wh,ch both polyether monools a-ii) and monoisocyanates b-ii) are 
20 present. 

The isocyanate-containing reaction products are prepared by 
reacting the isocyanate component with the polyether component at an 
NCO.OH equivalent ratio of a 1.5:1 to 2.5:1, preferably 1.8:1 to 2 2 1 and 
more preferably 1.9:1 to 2.1:1 and most preferably 2: 1 . It is especially 
preferred to react one mole of the isocyanate component for each 
equivalent of hydroxyl groups. 

When preparing the isocyanate-containing reaction product from 
dnsocyanate b-i), polyether diol a-i) and polyether monool a-ii) at an 
NCO:OH equivalent ratio of 2:1, the reaction mixture contains the 2/1 
adduct of the diisocyanate and diol; minor amounts of higher molecular 
we.ght oligomers, such as the 3/2 adduct; a monoisocyanate, which is the 
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coy me react.cn of two molecules of the monool with one 

it: : : diisocyana,e; vari ° us — ~* «. «; ana 

monools, and a m,nor amount of unreaoted diisocyanate which can be 

To form the mcsture-curable polyether urethanes according to the 
invention the isocyanate-containing reaction products are reac ed w h 

r~ r r in9 ~ ^ — - 

'^"^Sroupatcsocyanate-reactivegroupsofOS'lton.! 
preferably 0.9:1 to 1.05:1 and more preferably about 11 ' ' ' 

The moisture-curable poiyether urethanes may also be prepared by 
reacttng an excess of diisocyanates b, with aminosilanes c) to form a 
monoisocyanate and then reacting the resulting monoisocyanate with a 
mixture o, poiyethers a-i, and a-ii, to form the poiyether urethanes 

The moisture-curable, polyether urethanes obtained according to - 
the process of the present invention contain poiyether urethanes A, which 
contan twc , or more, preferably two, reactive siiane groups, and po ye, r 
u^thanes B,, which contain one reactive silane group. Also present are 
polymers C), which are the reaction products of unreaoted isocyana.es b) 

Z then SvT C> ' P °' ymerS C> "* Pre,erab,y Pr6Sem in - — - 
less then 5% by weight. 

The reaction mixture also contains non-functional polymers D) 
wh,ch are formed by the reacion of two moiecules of the monoo, with one 
molecule of the diisocyanate, two molecules of the monoisocyanate with 
one moiecule of the diol, or one molecule of the monoo, with one molecule 
of a monoisocyanate. Non-functional polymers D) are generally present in 
an amount of less than 30% by weight. 

In accordance with the present invention it is also possible to adjust 
the NCO:OH equivalent ratio to form additional amounts of non-functional 
polymers D) are formed from the reactants as previously described 
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These polymers remain in the reaction mixture *nH * 

during the subsequent use of the ml T " P ' aSticizers 

according to the L nt ,on m ° ,StUre - CUrab ' e ' T urethanes 

"olecular weigh, of 3000 «o 20,000. p referably 9 6000 ^O^Z m 

se« mus, be presem so , hat (he numfeer 

of an or ». po,ye,her segment per molecule averages 6000 2Q 

Su„ab,e polyols for preparing polymers a) are polyether polyols in 
ome oases polyoxypropylene po,yo,s. in many ,ns,ances diois h^g a 

ITmum .IT Pre,erab,y 8000 '° 12 '° 00 ' ^ P0,ye,here « - 
max,mum ,o,a, degree of unsa,ura,ion of less than 0.04 mi,.ieguivalen,s/g 

n some oases iess ,han 0.02 meg/g (meg/g,, in o,her cases less fta 

0.01 meg/g and in some situations 0.007 meg/g or less. The amount of 

unsaturate wil, vary depending on the method used ,o prepare the 

poyetheraswenasthemoieoularweightofthepoiyerther.. Such 
polyether diois are Known and oan he produced, as a non-limiting 
example, by the propoxylation of suitable starter molecules. As another 
non-hm„,ng example, minor amounts (up «o:20% by weigh,, based on the 
we,gh of ,he poiyol, of e,hy,ene ox.de can be used. „ eftylene oxide is 
osed, „ can be used as ,he initiator for or ,o cap ,he polypropylene oxide 
groups N ,,,,,, examp|es of sui(able star)er ^ » ^ -* 

uch as ethylene giycol, propylene glycol, ,,3-butanedioi, M-butanedio, 
1 ,6 hexaned,o, and 2-e,hylhexanedio,-1 ,3. Also sui,ab,e are po,ye,hy,ene 
glycols and polypropylene glycols. 
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US-A 3 427 256. US-A 3 829 505, US-A 4 472 560. US-A 3 278 458 

. ":iz::: u ::r ^ us - a4721 

In addition to the polyether polyols, minor amounts (up to 20*y h„ 

used sir '" 9 ' m ° teCU,arWe « ht * •» 500 can aiso bs 

used, surtax examples include ethylene gly co,, 1,3-butandiol, 

,4-bu an d ,o,, ,,6-nexancfo,, glycerine or trimethylolptopane. However the 
use of low moleoular weigh, aloohois is less preferred 

Polyethers a-i, are present in a amount of 20 to 100% by weigh. 

Whenpo, y e.hermonoo,sa.ii,areusedas,heso,emonofuno.io n a, " 
component, polyethers a-i, ere present in a minimum amount of 20% by 
wetght, preferably 30% by weigh, and more preferably 40% by weigh, end 
a maximum amount of 100% by weigh,, preferably 90% by weigh, more 
preferably 80% by weigh, and most preferably 70% by weigh, The 
preced,ng percentages are based on the total weight of polyethers a, 

Su,table polyether monools a-ii, are polyether monools having a 
number average molecular weigh, of 1000 to 1 5,000, preferably 3000 to 
12,000 and more preferably 6000 to 12,000. The polyether monools are 
prepared by the a,koxy,a,ion o, monofunctiona, starting compounds with 
alkylene oxides, preferably ethylene oxide, propylene oxide or butylene 
ox.de, more preferably propylene oxide. K ethylene oxide is used, i, is used 
■n an amount of up to 40% by weigh,, based on the weigh, of me 
polyether. The polyethers are preferably prepared eimer by the KOH 
process or by mixed metal cyanide catalysis. The latter process results in 
products with low a degree of unsaturation. 



PO-7632 

-12- 



less than 0.02 meq/g, in other cases less than n ni 
5 situations 0.007 meq/q or , es<5 Th and ,n SOme 

and can be produce* as a nZ. , " m ° n °° IS are kn0vm 

previously for prepal Dn , Z ° aXamP ' e * mS,h ° dS se < 
y tor preparing polyethers, a non-limiting example beinn th= 

' Polypropylene polyots by lh e proportion o suiJes, rter 

used As w,th the polyethers a-i), if ethylene oxide is used i. can be used 
as the ,ni«a.or for or to cap the polypropyiene oxide groups 

Examples of suitable starter molecules include aliphatic 

cyctoaliphatic and araliphatic alcohols, phenol and substituted phenots 
h as me , hano| , elhano| , he lsom9rfc propanois bu(ano > ^ 

and hexanols, cyclohexano, and higher molecutar weigh, compounds such 
a nonylpheno,. 2 -e,by,hexano, and a mixture of C, 2 to C„ Jear, pnmC 

all aVai ' ab,e fr ° m Sh9,,) - A ' SO ^ - unsaved 

alcohols such as a„y, alcohol; and hydroxy fundona, esters such as 

hydroxyethy, acetate and hydroxyethyl acrylate. Preferred are the higher 

m,xtures of C, 2 to C, 5 , linear, primary alcohols. 

When poiyethers a-ii) are present as the sole monofunctional 
component, they are present in a minimum amount of 0% by weight 
preferably 10% by weight , more preferab|y 2Q% fcy ^ ■ 

preferably 30% by weigh,, and a maximum amount of 80% by weight 
preferably 70% by.weigh, and more preferably 60% by weigh, The ' 
preceding percentages are based on the total weigh, polyethers a, 
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bydr^pon group having from ? , o 15 ^ 

ar 0m a„c Mro carbon group having 6 ,o 15 carbon atoms 

Examples of suitable organic diisocyanates include 1 4**.- 

itrsr22rrsr diisocyanate ' ^ 

„ . u « a»socyanate, 1,12-dodecamethylene diisocyanate 

cyclo pentanei 1-.sooyanato-3- iS ocyanato me ,hy|.3,5,5-.rim e thyi- 
oydohexane (isophorone diisocyanate or IPD.), bis-(4-isocyana,o- 
cycohe^-metbane. 1.3- and t^-bis-Osocyanatometbyl^Cobexane, 
bM4-,socyanatocyo,o-b e xy, ) -me,ban e . 2 ,4, di isocyana.o-dic y c,ohexy, 

™.by,-1,3- and/or -1,4-xy,y,eneaiisocyana,e,1- i socyana.o-1- me , hyM(3) . 
.socyana,ome,hy, cyclohexane. 2 ,4- and/or 2 ,6-hexahydro-,o,uy,ene 
dnsocyanate. 1.3- and/or 1,4-pbenytene Ciisocyana.e, 2 .4- and/or 
^otuylene diisocyanate, 2,4 and/or 4,4-uiphenylme.hane diisocyanate 
and 1 ,5-d„socyanato naphthalene and mixtures thereof. 

Monomeric polyisocyanates containing 3 or more isocyanate 
groups such as ^ocyanalomelhyl-I.e-oclamelhylene diisocyana.e and 
~ C «*h as 4.4.4"-,r ip heny,me,hane Jsocyanate 

and polypheny! polyme.hylene polyisocyanates obtained by phosgenatina 
an, ne, 0 yde condensa(es ^ ^ ^ ^ J^J™^ 

20 A. by we,ght, base* on the weigh, of isocyana.es b,. Also suitable 
although less preferred, are polyisocyana.e adduce prepared from the 
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^ceding monomeric polyisocyana.es and containing isocyanura.e 
earbod,,m,de and/or oxadiazinetrione groups 

Whan m DiiS0Cyana ' eS M are »"""■ " a amount of up to 100% by wejght 
When moncsocyanates M) are used as the soia myofunctional 
oomponen,, d„soo y ana,es b-,, are present in a minimum amount of 20% 

5 and : ' M% ^ Wei9W ^ by ITi 

and a ma amount of 100% by weight , preferab , y 9Q% ™* 

mora preferably 80% by weigh, and most prefera bly 70% b y wefch 1 

r^r' 8968 are based ° n ,he to,a ' <* r 

formuia Rr C o;T na,eS W) ' nC,Ude ,h ° Se ""-—no to the ' 
ormuia R(NCO), where,n R is defined as pre V ious. y se, forth with regard 

o the organ,o diisoc y ana t es. Sui,ab,e monoisoc y ana,es include thosT 
"t y i .sooyanate. hexyl .socyanate, ootyl isooyanate, 2-ethylhexyl 

When monoisocyanates b -ii) are present as the sole 
monofunctiona, component, they are present in a minimum amount of 0% 
by we,gh, preferably 10% b y weight, more preferably 20 % by weTgW and 
most f y 30 . A by weigh , and a amoun( ™ 

we,gh,, preferably 70% by weight and more preferably 60% by weigh, 
The preceding percen,ages are based on ,he ,o,a, weigh, isocyana as b, 
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Suitable compounds c) containing reactive silane groups are those 
corresponding to formula I 

COOR 2 

RiOOC-CHR 3 -CR4-NH-Y-Si— (X) 3 (l) 
wherein 

> X resents identic*, or differ, organic grou p s which are inert ,o 
■socyanate groups below 1 00«C, provided that a. ieast two of these 
groups are alkoxy or acyloxy groups, preferably alkyl or alkoxy 
groups having 1 to 4 carbon atoms and more preferably alkoxy 
groups, 

Y represents a linear or branched alkylene group containing 1 to 8 
carbon atoms, preferably a linear group containing 2 to 4 carbon 
atoms or a branched group containing 5 to 6 carbon atoms more 
preferably a linear group containing 3 carbon atoms 
Ri and R 2 are identical or different and represent organic groups which 
are inert to isocyanate groups at a temperature of 1 00°C or less 
preferably alky, groups having 1 to 9 carbon atoms, more preferably 
alkyl groups having 1 to 4 carbon atoms, such as methyl, ethyl or 
butyl groups and 

R 3 and R 4 are identical or different and represent hydrogen or 

organic groups which are inert towards isocyanate groups at a 

temperature of 100X or less, preferably hydrogen. 

Especially preferred are compounds in which X represents 
methoxy, ethoxy groups or propoxy groups, more preferably methoxy or 
ethoxy groups, and Y is a linear group containing 3 carbon atoms 

The compounds of formula I are prepared by reacting aminosilanes 
corresponding to formula V 



H 2 N-Y-Si — (X) 3 (V) 



10 
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with maleic or fumaric acid asters ccrrasponding ,o formula V, 

R,OOC -CR 3 =CR„-COOR 2 (VI) 

Examplas of suitable aminoalkyl alkoxysilanes and aminoalkyl 

i T7 T C ° rreSPOndin9 ,0 f0mU,a V ind " de 3-aminoprop* 
nacy,ox y s,,ana.3-aminoprop y ,.me.h y ,dime,hoxysi,an e ;6.aminoL xy i 
nPutoxysiiane; 3-aminopro P y,, ri me lh oxysi,ane; 3-aminopropy ' 
nethoxysiiane; S-aminoprop.l-methWdiethoxysNane; 5 . am 

ZnZ ' ane ' 5 - aminOPen,y, - We,ho ^-^-ino-3,3-dime t ny l - 
butyMnmethoxyalane; and 3-aminopropyMriisopropoxysilane. 3-amino- 
propyMrimethoxysiiane and 3-aminopropyMrie,hoxysi,ane are particularly 

Examples of optionally substituted maleic or fumaric acid esters 
suitable for preparing the aspartate silanes include the dimethyl, diethyl 
*buty, (e.g.. di-n-butyl,. diamyl. di-2-ethy,hexyl esters and mixed esters' 
based on mixture of these and/or other alkyl groups of maleic acid and 
fumanc acid; and the corresponding maleic and fumaric acid esters 
substituted by methy, in the 2- and/or 3-posi,ion. The dimethyl, diethyl and 
d,butyl esters of maleio acid are preferred, while the diethyl esters are 
especially preferred. 

The reaction of primary amines with maleic or fumaric acid esters to 
form the aspartate silanes of formula III is known and described a g in 
U S. Patent 5,364,955, which is herein incorporated by reference 

The compounds corresponding to formula I are preferably used as 
component c). To obtain the benefits of the present invention, they should 
be present in an amount of a. least 10% by weight, preferably a. least 30% 
by we,ght, more preferably at least 50% by weight and most preferably at 
least 80% by weight. In addition to the compounds of formula I, which are 
requ,red according, to the present invention, component c) may also 
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wherein 

X and Y are as Previously defined and 

* represents hydrogen or an organic group which is inert ,o 

°7sZ> 9r ° UPS " " ,emPera,Ure <* 10 °° C - Provided ,he, 
Rs ,s no, a succinate group, preferabiy hydrogen or an a,J 

preferably an alkyl, cycloalkyl or aromatic group having 1 ,o 8 
carbon atoms, or represents a group corresponding to formula 



-Y-Si-(X)3 " (V1 , () 



acvlo T ° f SUi ' able amin ° a,kyl alko ^« a nes and aminoalky, 
acyloxys.lanes offormula V„, which contain primary amino groups are the 
compounds of formula V the, have previously been described as suZ, 
for prepanng the aspartate silanes of formula I 

acvto E T mP ' eS ° f SUKab,e amin ° alkyl a "~" a * a "d aminoalky, 

"I ^ V "' WhiCh °° n,ain ~"~ * «*» -up ■ 
«** N-phenylaminopropyMrimethoxysiiane (available as A-9669 from 

fromOsTr , ' On) ' biS - (r - ,rime,hOXySil *°P^ a "'-e(avai l ab,easA.1170 
from OS Corporation,, N-cydohexy,aminoprop y M ri e,hoxys„ane 

s.lane, N -bu,yiam,nopropy l -,riacylox y si,ane,3-(N-ethyl)amino-2^ethv. 
Propy,- W me,ho X ysi,ane, 4W ^ 
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silane and the corresponding alkyl diethoxy alkvl dim.th 



9 Y ^«(X)3 




Formula II 




or 




RiOH 



H R 3 6 
Formula IV 



*» reacon ,s carried ou, in <he presence of a ca,a,ys, and heat. Suifable- 
cata.ysts are Branded acids, such as minera. acids, carboxylic acids 
sulfonic acids and phenols. Preferred ca,a,ys,s are carboxylic acids such 
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« — acid an d d a cf h :~:;: propane - — 

Higher temperatures accelerate ^ 
* — groups into cyCic urea Zt"* * < he ""<** 

from SO to 200-c Verv m , reaC "° n tan »*««~ are 

~. Bmes , but als : resu(t ,:rr :~rr y shon 

minimizing the develonm^ «. Preferred range for 

10 prefer fro m ^ ye "° W " ^ 7 ° '° 13 °' C ' ™ re 

y om 90 to 120 C and most preferably from 100 to 120°C 

acoomp^rr UrSa 9r ° UPS in '° «* - — * 

> oi et^rr : a ;r 90 mois,ure - ,o - — — 

The transethenfication reaction can be used to alter the reactivitv of 

The compositions obtained by the process of the present invention 
-ay be cured in Ihe presence of wafer or moisture to prepare 
adhes ves or sealant* tk« H>^dre coatings, 

seetents. The compos.tions cure by "stone polycondensation" 
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from the hydrolysis of alkoxysilane groups to form Si r, H „ 

subsequent reaction with either Si-OH or S OR ore 'l , T*" ^ "~ 

groups (Si-O-Si). 9 PS ,0 f ° rm Siloxane 

Suitable acidic or basis catalysts may be used to promote th. 

:r~ oa „ Examp,es inc,ude - - - p-rr u :; nic 

.rirr° SUCh " d ' bU,y ' " n di ' aUra,e ' a ™« -oh as 
tnethylam.ne or methylene diamine; and mixtures of these catalvsts Th 

Pretty disolosed, low moteoular weight, basio aminoaly " 

10 ;czr ■ a,so acce,era,e h ~ 9 ° f - ~ * 

free or I h 7 ne - COmp0nen, "Won. generally may be either solyent- 
free or contain up to 70%. preferably up to 60% organio solvents, based 
on the wetgh, o„he one-componen, composition, depending upon the 
Particular appfication. Suitable organic solvents include those which are 
« Knownfrom either from polyurethane chemistry or from coatings 
chemistry. y 

The compositions may also contain known additives, such as 
leyeltng agents, wetting agents, flow control agents, antiskinning agents 
an„foam,ng agents, fillers (such as chalk, lime, flour, precipitated and/or' 
pyrogen, silica, aluminum silicates and high-boiling waxes,, viscosity 
regulators, plas«d Z ers. pigments, dyes, UV absorbers and stabilizers 
against thermal and oxidative degradation. 

The one-component compositions may be used with any desired 
substrates, such as wood, plastics, leather, paper, textiles, glass 
- oeramics, piaster, masonry, metals and concrete. They may be applied by 
standard methods, such as spraying, spreading, flooding, casting, dipping 
rolling and extrusion. 9 ' 

The one-component compositions may be cured at ambient 
temperature or at e.evated temperatures. Preferably, the moisture-curab.e 
compositions are cured at ambient temperatures. 
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bv the « inVen "° n ,S ^ i " US,ra ' ed but is not in,ended '° ^ limited 
by the fol.owmg examples in which all parts end percentaoes ere h „ 
unless otherwise specified. Percentages are by we,ght 

EXAMPI F.q 

4 £TH TT was prepared aocordin9 ,o us pa -« 

o f 3- am ino- P ro P y,, ri r„ etho ^ 

Corporation, The addition fiunne, was used ,o admit 1423.2 e 27 
events) of diefhyi maleate oyer a two hour period. The femplure of 
•he reactor was maintained at 25X during the addition. The reactor was 
untamed a, 25'C for en additiona, five hours a. which time the prcZ 
Poured into glass containers and sealed under a blanKe, of LZ 

ZZ~* T unsatura,ion number was 06 M ^ ^ ~ ' 

was ~99% complete. 

Polvether rlinl t 

A polyoxypropylene diol (Acclaim 12200, unsaturation = 0 007 
meg/g available from Bayer Corporation, having a functionality of 2 and an 
equivalent weight of 5783. ana an 

Polveth er mnnnnl ■> 

203 g (1 .00 eg) of Neodol 25 monool (available from Shell 
Chemical) were charged to a stainless-steel reactor Zinc 
hexacyanocobaltate-tert-buty, alcohol complex (0.143 g, prepared as 
described in U.S. Patent No. 5,482.908, was added and the mixture was 
heated with stirring under vacuum at 130'C for one hour to remove traces 
of water from the monoo, sterter. Propylene oxide (8547 g, 194.2 eg, was 
introduced into the reactor over 6 hours. After the epoxide addition was 
completed, the mixture was heated to 130-c until no further pressure 
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decrease occurred. The product was vacuum stripped and then drained 
from the reactor. The resting polyether had an OH number of 6 4 an 

5 

fi-tfjU - Preparation of Cyclic Urea/Reactive Silane Terminated 
Polyurethane (STP, 1 in situ from a 7426 ^ 

A 5 „ter round bottom flask was fitted with agitator, nitrogen inlet 
oo enser heafer and addition funnel. ,n,o the flask were char e 2 9 g 

» 6.7 9 (0, 1 eq) of polyether monool 2 and 0.78 g o, uibutyltin uilaurate ' 
The reaction was heated to 60X for 8 hours until the NCO content was ' 
0.58 A (theoretical = 0.63%). 202.2g (0.5S eq, of silane functional ■ 
aspartate 1 were added and the flask was heated a, 60"C for an additional 
1 hour un„, no NCO remained as determined by an ,R spectrum. 19 9 g of 
glacal acetic acid were added and the temperature was raised to 1WC 
The reaction mixture was held at 1 10'C for three hours until an IR 
spectrum showed the urea peak had disappeared and a cyclic urea peak 
had appeared. 19.8 g o, vinyl trimethoxysiiane were added as moisture 
scavenger; and 9.9 g of butylated hydroxy toluene and 6. 1 g of Naugard 
445 (available from Crompton, were added as antioxidants.. The resulting 
product had a viscosity of 54,000 mPa.s at 25°C. 

SamearattyeJExs^ - Preparation of Non-Cyclic Urea/Reactive Silane 
Terminated Polyurethane (STP) 2 in situ from a 74:26 diotmonool mixture 

A 3 liter round bottom flask was fitted with agitator, nitrogen inlet 
condenser, heater and addition funnel. Into the flask were charged 80 0 g 
(0.72 eq) of isophorone diisocyanate, 1680:4 g (0.31 eq) of polyether diol 
1 . 591 7 g (0.07 eq) of polyether monool 2 and 0.53 g of dibutyltin 
dHaurate. The reaction was heated to 60'C for 8 hours until the NCO 
content was 0.60% (theoretical = 0.62%). 126.4 g (0.34 eq) of silane 
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functional aspartate 1 were added and the flask w a ,h ♦ , 

~- 1 hour « no NCO rema , ed It^^^ - « 

spectrum. 5.5 g of vinyl tnmethoxysilane were added 2 ♦ 

i^LAginaof^llanes 

Into unlined steel cans were placed 3nn « of •■ 
each resin were placed into a 90»C n ° ^ *"* ° anS ° f 

sets forth the change in viscosity over the testing period. 




4 weeks 



551 



194 



Formulation of Siiano g^| nr ,t 7 

The STP's prepared in situ were formulated into sealants usino the 
following typical formulation and procedure. 9 

Procedure 

7 e ~9 * *• ^ndard sealan, formulation and procedure 
used o formulate al, o, the STP's for testing. Values given for each 
formula component are percent by weigh, of the total formula weigh, A 
highspeed centrifugal mixer was used ,o mix the formulation components 
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Step 1 1 : 

To a clean dry mixing container were charged the following: 
STP 37.5 
Plasticizer -| 75 

Adhesion Promoter 0.8 
Catalyst 0.1 
Desiccant 0 5 

™We*s were nnixed for one minute in length a, a speed of 



A portion of the fitter was added to the mixing container . 
Filler 23.6 



The ingredients were mixed for one minute at a speed of 2200 rpm. 



The remaining filter was added to the mixing container. 
Filler 20.0 

20 If in9redten,S W6re miX6d for one minute in tenat" at a speed of 

^ U 2200 rpm. 

Step 4 : 

The side of the mix container was scraped and the ingredients were 
m.xed for one additional minute at a speed of 2200 rpm to 
25 incorporate all of the filler into the mixture. 

Step 5 : 



30 



The resulting product was degassed at 50»C and under full vacuum 
(>28 mm Hg) for one hour. The material was used immediately. 
Exxon Jayflex DIDP was used as the plasticizer. An aminosilane 
(Silquest A-1 120, available from OSI Corporation) was used as the 
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adhesion promoter. A vinyltrimethoxysilane (Silquest A 171 av •, M " 
OSI Corporation) was used as the desiccan ThTfn * **" 

Minerals Ultra P Flex or^, , * ' CCant The fi " er use <J was Specialty 

o.o7 microns rTJZTT, ca,cium carbonate (mean m *• * 

ne catalyst used was dibutyltin dilaurate. 
The sealant formulations were cast onto 0 25 in.h „ 

2* r sheets and cured « — - -~ :r 50 , 

relaftve humidity for at least two weeks before T 

Percent etongation and 100y rrT! 9 ' 

ASTM D-412 Die £L L « T mm ° <° 

Example " 



4 

5 
6 
7 



Cyclic Urea 

STP 1 
Initial (No 244 
Heat) 

1 Wk @ 70C 259 
1 Wk @ 90C 256 
4 Wks @ 70C 265 
jWk L@ 90C 288 



Percent Tensile 
Elongation Strength 

(M_l_Jpsi]__ 



100% 
Modulus 
(Ps») 



Tear 
Strength 



309 

356 
319 
342 
312 



179 

187 
178 
177 
171 



31 

31 
32 
34 
32 



Percent 



Tensile 
Elongation Strength 



8 
9 

10 
11 
12 



Urea STP 2 
Initial (No 
Heat) 
1 Wk @ 70C 
1 Wk @ 90C 
4 Wks @ 70C 
4 Wks <S> 90C 



(%) 

379 

221 
10 
98 
10 



(psi) 

311 

78 
10 
44 
10 



100% 
Modulus 
(psi) 

144 

46 
10 
39 
10 



Tear 
Strength 
(Pli) 

28 

7 
5 
11 
5 
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flroups and prepare k„ 1" '** ure ~- — 

-ore neat s ~ 'n S ' ,U Pr0Ce " aCC ° r * 9 ,0 ' he are 
<erm,na, nZ£££ °— *» 

process. " "*» P~P— by .he in s,,u 

«** for that purpose and L 7 "* SU * dela " — 

'nvent,on except as it may be limited by the Cairns. 



